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   I. Object and Method of the Study 
   The Kitakami Mountainland is geomorphologically a large block or unit which 
forms a plateau with an extention about 180 km from north to south and 70 km 
from east to west at maximum. Most mountains involved in it are higher than 
 1000m, and the highest one is Mt. Hayachine, 1914m. There are many geological 
studies on this area; according to  them1), we know that the mountainland ismainly 
composed of Paleozoic (Permian) sandstone, slate, conglomerate, limestone, and old 
igneous rocks intruding them, and various kinds of metamorphosed rocks. On the 
other hand, we can find only a few studies on the geomorphological aspect of the 
Kitakami Mountainland; most of them have pointed out the existence of the 
Kitakami Peneplain2), which has been considered to be the product at the end of 
Miocene. This is contrasting with a great number of geomorphological studies on 
the Abukuma3) and the Chugoku Mountainlands which have a similar feature 
with the Kitakami Mountainland. 
   The Kitakami  Mountainland, roughly speaking, is composed of many 
geomorphological e ements, for example, rolling slopes on the tops or sides of 
mountains, wide open valleys, and ridges with almost same height, originated from 
  1) a: Hanzawa, S.  (1954)  : The Tohoku District,  — Regional Geology of Japan — (in 
         Japanese) 
 b:    (1956)  : Geology of Iwate Prefecture, I, II. Iwate Pref. 
      c: Iwate Pref.  (1954)  : Geological Map of Iwate Prefecture,  1: 100,000. 
  2)  a: Tayama, R.  (1935):  Geomorphological Study of the Kitakami Mountainland,  — 
          Part 3, Dissection Degree of the Kitakami and the Abukuma  Mountainlands  —  ,
          Acad. Rep.  Saitii Grat., No. 20. 
      b: Tsujimura, T.  (1952)  : Peneplain Problems in Japan, Bull. Geogr. Inst. Tokyo Un-
           iv., No. 2, pp. 1-21. 
 c  : Tanabe, K.  (1948)  : Accumulation  Valley Floors in the Inner Part of the Kita-
           kami Mountainland, Ann. Tohoku Geogr. Assoc., Vol. 1, No. 2, pp. 87-88. 
  3)  a: Mino, Y.  (1942)  : Chikei-Genron (Principles of  Geomorphology). 
      b:    (1936)  : Problems of a Peneplain, Geogr. Rev. Japan, Vol. 12, pp.  704-
          724. 
      c: Mochizuki, K.  (1924): On the Fossil Peneplain of the Abukuma Mountainland, 
 Chikyil, Vol. 11, No. 6, pp. 397-409. 
 d: Nakamura, Y.  (1960):  Gcomorphological Development of he Northern Part of 
          the Abukuma Plateau, Ann. Tohoku Geogr. Assoc., Vol. 12, No. 3, pp. 62-70.
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the initial surface of peneplain by the dissection under several conditions in a long 
period. Among them develop V-shaped valleys, steep scarps and floor plains of the 
valleys, which are still dissecting the upper surfaces. These elements combine ach 
other and make a complex feature of this plateau. Then the writer tries to 
analyse these relations systematically and to clarify the nature of the process of 
geomorphological development after the formation of peneplain in this area. As 
the survey field, the writer chose the central part of the Kitakami Mountainland 
where the peneplain surface is thought relatively well preserved; for example, 
around Sodeyama, Motoki, Yomogippara nd Mt. Monomi (or Taneyama). On the 
field survey, he paid attention especially upon the morphological character of 
dissecting valleys, besides general observations on the field. 
   II. Relation between an Erosion Surface and a Base Level of Erosion 
   Though the peneplain surface up to this time has been recognizedmainly from 
map works like the analysis of the summit level in this area4), and is known as 
an uplifted and dissected one, we may find three types in the ways of its preservation 
in the similar  height  ; one is mountain tops or ridges with a flat surface or 
rolling slope upon themselves (the writer calls them "type-A" in this paper), and 
the second type is  rdgies without such a surface or slope but with a uniform height 
with small relief (type-B). The third is peaks or pinnacles changed from ridges by 
dissection  (type-C). Generally speaking, the  difference in dissecting stages of initial 
surface is reduced to the different resistance of component rocks against erosion, 
as well as the difference of horizontal or vertical distances from a base level of 
erosion. In the Kitakami Mountainland, however, with an exception of the 
granite area, the control of rock difference on the erosion is not always recognized 
(Table 1), and the influence of the base level of erosion is more remarkable on the 
process of dissection (Fig. 1, 2). 
   Here the peneplain surface (the upper peneplain surface, more exactly) is, of 
course, not a base level of erosion, but is the initial surface for the following erosion 
 cycle; base levels of erosion to this surface are divided into three, the upper (above 
700m), the middle (400-500m), and the lower (below 300m), referring to the 
longitudinal profiles of the valleys originated in the Kitakami Mountainland. This 
classifica-tion is applicable to the mountainland as a whole, though their heights 
are somewhat flexible according to some local conditions, geological structure, 
crustal movement, etc (Fig.  3). 
   Now the writer would examine especially the relation between the "surface" 
  4) Tayama, R. (1930)  : Geomorphological Study of the Kitakami and the Abukuma 
          Mountainlands, and their Surrounding Areas, Nihon  Chili Taikei, Ou Region.
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           Table 1. Morphology of the Peneplain Remnants. 
 type-A: Flat surface or Rolling slope,  type-B: Ridge with same height,  type-C: 
Pinnacle, A(b), B(a), B(c),  C(b): Transitional form, Capital letter is dominant. 
 sl.: slate, ch.: chert, s.: sandstone, — Permian; lip.: liparite, db.: diabase, diat.: 
diabase tuff, gr-dio-porph.: granitic diorite porphyrite, gr.: granite, dr.: diorite, 
org.: orgite, ign.: volcanic deposit
Map name Name
Altitude 
  (m)
Ichinohe
Kuzumaki
 Rikuchu
Motoki
Kado
Seki
Sodeyama
Morioka
 Mt.Hayachine
Okawa
Kawai
Tsuchibuchi
Ohasama
Type Composing
Orizumedake 
Keiseidake 
Oguradake 
Mt. Kuromori 
Tsukushimori 
Mt. Tatara 
Sodeyama 
Akkamori 
Misukodake 
Kenashimori 
Kayamoridake 
Mt.  UritOge 
Mt. Soragumo 
 Kasa.gatake 
Mt.  KamimyOjin 
Anamegatake 
Tsukushimori 
Numanodaira 
Mt. Daisaku 
Mt. Daishaku 
Mt.  MidaidO 
Mt. Aomatsuba 
Mt. Abenotate 
Mt. Iwagami 
 KabutomAindake 
Mt.  MyOjin 
Mt.  Himekami 
Mt.  Hiishi 
Mt. Horanokizawa 
Mt. Kasamori 
Mt. Shiramori 
Mt.  Hayachine 
Kuromori 
Bundomori 
Sakaikamidake 
Gaitakamori 
Mt.  Takahi 
Mt. Onozawa 
Mt. Amano 
Mimikomori 
Mt. Maegari 
Mt. Shiromi 
Mt. Gorosaku 
Mt. Hitotsuishi 
Mt.  Mirnikiri 
Mt. Omabe 
Mt. Yatsumori 
Mt. Shirogane
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Map name    Name
 TOno
 Hitokabe
Altitude 
 (m)
 Type
Mt. Monomi 
Mt.  Goy() 
Mt. Obiraki 
Odake 
Mt.  ()mine 
Mt. Monomi 
       (Taneyama) Mt
.  SadatO 
Mt. Tomori 
Mt.  MyOjin 
Mt.  KasanokayO
917 
1341 
1139 
1313 
1147 
871 
884 
670 
623 
869
A 
A(b) 
B(a) 
 B 
 B 
 A  (  b) 
 B 
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                              Fig. 2. Geological map. 
     1. Paleozoic, 2. Granite, 3. Other igneous and metamorphic rocks, 4. Mesozoic 
    and Tertiary, 5. Volcanic deposits, 6. Diluvial and Alluvial deposits. 
and the "base level". As to the fluvial (river) or marine (coastal) terrace, the forma-
tion of surface is performed below the base level of erosion (at the same time 
accumulation) and "terrace surface" emerges after the lowering of base level. 
When some base level of erosion exists, bedrock is more or less cut by erosion based 
on this level and terrace deposit covers the  bedrock; thus an initial surface (not a 
 form) of terrace is built below the  former base level in the preceeding cycle of erosion. 
After the base level lowered  ( in the stage of new base level), the previously formed
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 I. the upper base level of erosion, II. the middle base level of erosion. 
surface emerges resulting from relative uplift of surface to become an initial 
terrace surface, and suffers erosion based on the new level to take terrace form. 
In the case of the erosion surface usually observed in hill-land, however, an initial 
            i) TERRACE 
                    -°.• — —  2  (Accumulation  Surface)                          ..d•;:v;ootb 
                              — — 3 
• 
            ii) HILL-LAND 
 (Denudation  surface) 
 ////////  —1 — 
                                    3 
                  // 
          Fig. 4. Relation between the surface and the base level of erosion. 
     i) Terrace, ii)  Hill-land; 1. Base level of erosion in the period of surface building, 2. 
     Initial surface, accumulation or denudation, 3. Base level of erosion after the formation
      of surface.
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surface is completed above the base level with small relief. If a lower new level is 
introduced later, the previously formed surface is dissected to have much relief 
concerned with the new level as well as terraces. 
    In short, the difference between these two cases is recognized in the relative 
position of the base level against the initial surface in the stage of initial surface 
formation (Fig. 4). 
    In the Kitakami Mountainland, three base levels of erosion had no direct 
influence upon the development and building of the peneplain surface; they only 
made effect on it in the processes of preservation and dissection after its formation 
(of course it had not always been formed at the same time as the whole  area). 
Although the problem when and how the peneplain surface was built is 
geomorphologically much significant, in this paper the writer will limit his 
discussion to the problem of geomorphological development after it had been 
completed. Now the peneplain surface, the erosion surface and the valley level 
(base level of erosion in other sense) is distinguished each other, and the upper and 
the middle base levels are described and discussed later. Although the lower level 
is connected to the fluvial terraces in the lowland plain around the mountainland, 
the writer is not going to refer to it in this paper. 
   III. Distribution of the Upper Base Level of Erosion 
1) Sodeyama area 
   At the eastern section of the steep scarp extending southward from Mt. 
Himekami, there develops a series of landforms which may be reduced to denote 
the former base level among the mountains  820-970 m high, Mt. Daishaku, 
Kasagatake, Ainoyama etc. This area involves the uppermost streams of the 
 Tana and the Sodeyama t above  660m, and a part of it is transformed by the 
Sodeyama nd the  Gana Dams. As seen in the profile, mountain side slopes 
are generally continuous to valley bottom with a concave slope (Fig. 5, 6, and 
7). Rivers dissecting the mountain side slopes do not cut deeply and valley 
density is rather low. Although we find exposed rocks on the tops of crests, which 
denote the level of the peneplain surface, their side slopes are generally covered with 
grass or bushes. There cover waste rock fragments consisted of angular gravels, 
with diameters 60cm in maximum, 2-3cm in average, and coarse sand produced 
from weathering of bedrock (Loc. 10,  Fig. 7). At Loc. 9, the writer found waste 
under production and accumulation (Fig.  7-B). Here on the slope covered with 
dotted pine trees,  10° in gradient, and with area of about 60m2, the waste rock layer 
which consists of Permian slate and sandstone, max. 20cm, mean 3-4cm thick, 
makes a fan-like feature. Beneath this layer, the older one as observed at Loc. 10
92 Y. NAKAMURA 
is found, hence it is known that the upper one was formed later or fresh. 
   This deposit suggests to be formed by a way of sheet flood or solifluction process. 
On the slopes of the other side, generally, waste rock of various sizes, near  I m in 
maximum, covers the  bedrock  ; then the vegetation cover seems to be supported by 
the waste layer or its weathered mantle except on the crest. The  TandO and the 
Sodeyama and their tributaries have gentle gradient floors until their heads, and 
we can not find any downcutting like as Tobel5) at the head of the valley. As to the 
continuity of slope from above to the valley floor, there arises a problem whether 
it is only an aspect that appears by the waste accumulation from above to the 
foot of the  slopes), or the concave sloped valley was originally formed. At least 
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we can decide that the retreat or wearing of slopes can not have taken place by the 
lateral erosion of stream of these  valleys  ; in other words, what is dominant in this 
area is not lateral (or linear) erosion but surfacial denudation  (Flachendenudation)7). 
Previously the writer pointed out such a feature at the Hiso valley, in the Abukuma 
Mountainland8). 
   Besides these, on the other hand, many valleys with deepcut V-shaped 
feature (Kerbtal) develop on the fringe of this region; they are the tributaries of 
the Kitakami cutting into the mountainland with a relief of more than 300 m. 
They are the Yonai, the Nakatsu, the Hei rivers and the Takiuchi-zawa ("zawa" or 
"sawa" means a small stream or ravine in  Japanese)  ; their longitudinal profiles 
are steep (Fig. 3) and preservation  ratio') is low. They belong to the lower base 
level of erosion, but only the  Tana river has a part which is involved in the middle 
and the upper base levels. 
2) Around Yomogippara 
   Along a left tributary of the Hei river, 1.5 km to the east of the Matsukusa 
railroad station, Yamada line, there is the Hijitori forest road stretching northward. 
Where this forest road runs over a pass 1040m high, there is Yomogippara, where 
develops a feature like the landform near Sodeyama. There are Mt. Abenotate 
(1218 m), Takamori (1219 m), Aomatsuba  (1366m) and other crests with the heights 
of 1254, 1211, 1185, and  1175m making the divide which separates the drainage 
basins of the Hei, the Okawa, the  TandO and the Yonai rivers; and in the upper 
part of the  TandO and the Okawa rivers, the upper base level of erosion remains. 
On and near the pass in the Hijitori forest road, a forest of Japanese birch and 
grassland are observed, and sometimes there is no vegetation, appearing a waste rock 
layer which is, as seen at Loc. 13, 20cm thick with matrix of weathered grains 1-3 
cm in diameter and soil. Even at the tops of the crests or ridges, the outcrop of 
bedrock is hardly found. 
   The Yabu river, the Hiegara- and the Noromekizawa nd other two tributaries 
to the west of Yomogippara, all of them belonging to the upstream of the Okawa 
river, have a concave slope on their both sides. The gradient of their valley floors 
is so gentle that sometimes we find swamps on the floors, as at Noromekizawa. But 
the heights of the floors of these valleys suddenly drop below knickpoints at about 
800m high, and the relief is increased between the initial surface of peneplain about 
 1100-1200m high and their valley floors. Then the valleys change to the  "Sohlen-
  7) Mino, Y.: above 3) a, pp. 393-407. 
  8) Nakamura, Y.: above 3)d. 
  9) Nishimura, K.  (1962): Fluvial Morphology in the Chugoku Mountains, Hiroshima 
          Univ. Studies Lit. Dept., No. 21, pp. 188-206.
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kerbtal"10) type. Here the area of the concave sloped valley  (Flachmuldental)") 
indicating the upper base level of erosion is limited within only 3-4 km from the 
divide to downward, contrasting with over 10km at the upper part of the  Tana) 
river. In spite of its suitable location for the preservation of the upper base level, 
for it located in the central part of the Kitakami Mountainland, the preservation 
of the upper base level is not so well as at the Sodeyama rea with conditions less 
favorable for the preservation of the upper level. This will be the result of the 
influence of relatively rapid rejuvenations in this area along the larger rivers as the 
Hei and the Okawa. 
    In the outer areas of this region, for example, in the drainage basins of the 
Yonai, the Nakatsu and the Hei rivers, V-shaped valleys prevail and their reliefs 
are as much as  300-400m. Consequently the divide separating the drainage basins 
of the Hei, the Okawa, the  TandO, the Yonai and other rivers is situated in the 
bordering zone between the upper level in the drainage basin of the Okawa river and 
the lower level in ones of other rivers, showing an asymmetrical pattern as 
observed on both sides of the Hijitori forest road. In the lower level region, the 
upper level seems to have existed,  judging from ridges of approximately same 
heights among V-shaped valleys, as was classified as the type-B. 
3) Around Mt. Monomi area 
   In the drainage basinsof the Ide and the Sarugaishi r vers, flowing around  Mt. 
Hayachine, the upper level is scarcely found; and more to the south it develops at 
the upper parts of the Hitokabe, the Otomo and the Omata (Kesen) rivers. Mt. 
Monomi (or Taneyama), 871m high, consists of diabase  tuff, and the initial surface 
of the peneplain once developed upon this mountain no longer has any areal exten-
tion, but has a dome-like outcrop of rock on its crest. This is regarded as a so-
called  Tor12) or  Bornhardt13). Valleys originating radially from the top of this 
mountain are concave sloped, and are with a gradient of their floor about 15° in 
maximum, having no flat valley bottom plain as is usually seen. They are the 
Omata river (a tirbutary of the Kesen river), the Fujisawa, the Akaiwazawa and the 
Azusa rivers, the upper tributaries of the Otomo river, and all are distributed above 
 660m above the sea level. 
   A waste layer with fragments of 2-3cm diameter covers these slopes usually. 
 10) Louis, H. (1960)  : Allgemeine  G omorphologic, S.  73-75; Valleys with a convex valley 
         wall and a broad valley floor  (Sohlen). As the writer could not find thefitting 
          term in English, he uses it in German. 
 11) Louis,  H.: above  10); Valleys with a concave valley wall, temporarily translated as 
          a concave sloped valley in this paper. 
 12) Waters, R.S. (1957): Differential Weathering and Erosion on  Oldiand, Geogr. Jour., 
         Vol. 123, pp. 503-509.
 l.c••cls nt Erosion  0  th•  Alinintainland 95
  
, •
vrg•W •
•
                  
.,) •P" ' ‘%..i. ,„,..., < A,...... ..       : .,' '-:..' 'C'''.., : ,.. , ",e's*,)^,';... '..14, ,,' " 
                  
, ' .-- . 
, ..4,   N*,.. ,..,. Pa
^
• 
• 
         •,• • x• 
' • V;.-1
 K
    141141
  St
C
Fig
 Mt
 Conca  NT
 Daishaku
sloped  V  PI lle^s
(965m),  11
 on
 Loc
the  u
10, C
 ppeT baso  1e  el,
Loc 9, 1
 -Mt
 _1-3  1:111
 Dar-Thal U1
 west  of  Sodevama, 1,
96 V.  NA  KAMUR  A
A
13
157-7
Fig 7  Conca‘ e sloped  valley and the deposits on the slopes, 10, B—fresh 
of the waste rock fragments, Loc 10, about 10  cm thick, C—at the road side 
Loc 10, 1.  suf  face soil, 25 cm 2  waste rock  lavei, 150 cm, 3 bedrock, granite
deposit 
cutting,
Erosion in the Base Levels of Kitakami Mountainland. 97
To the north of Ubaishi, Loc. 20, a valley head of a tributary in the concave valley 
makes a Tobel-like gully and produces waste fragments there. A waste layer  5-6  cm 
thick covers the soil mantle derived from the weathering of diabase tuff bedrock, 
and at the steep scarp of head, it is decomposed into blocks of  30  x  50 cm in 
diameter, creeping downward supporting a vegetation cover of bush or grass on it, 
 just like small floating islands. When the blocks creep down, fresh outcrop of 
bedrock appears and the similar processes repeat. These phenomena are observed at 
the top of the ridge (Loc. 19) and the crest about 200m to the east of Mt. Monomi 
covered with waste fragments of 3-5cm in diameter. Sometimes on the col, even 
at the ridge, covers humus rich black soil (west of Loc. 19, 60 cm thick). 
   Usually these concave sloped valleys are considered to be affected by the 
rapid aggradation of waste fragments upplied in the way above described, but the 
fact is not so, and the thickness of the fragments is almost uniform on the slope 
or the valley bottom. And, even at the valley floor, sometimes the bedrock 
is exposed. Then it must be true that the fragments supplied are constantly 
carried away, probably by running water or frost action. These features prevail 
in the arid regions14), but under the humid condition they seem to occur in a small 
scale where the flat surface or rolling slope develops in the mountain areas. 
   Also these valleys change to the V-shaped (Kerbtal) or  "Sohlen-kerbtal" type 
below a knickpoint, showing the result of the dissection of once extended part of 
the upper level. For instance, the Omata river becomes  Sohlen-kerbtal near Ubaishi, 
and tributaries of the Otomo river make V-shaped gorges for 2 km below their 
knickpoints, and below the gorges they become  Sohlen-kerbtal. On the contrary, 
the tributaries of the Hitokabe river are V-shaped up to their heads, so they 
belong to the lower base level and have exceptionally a different character from 
the above-mentioned valleys. 
4) Around Misukodake 
   The peneplain surface is preserved on the tops of Mts. Misukodake (1182m), 
Chausudai (1140 m),  KamimyOj  in (1118  m), Omori (1005 m), Tsukamori (944 m) 
and others 1173 m, 1087 m, 1063 m, and 1010 m. The upper level is observed in the 
area of about 10 km2 including the Tsukamori and its northeastern section. In 
the same way as in the case of Yomogippara, the ridge in E-W direction is 
 asymmetrical; in the northern section, the drainage basin of the upstream of the 
Yamagata river, we find a concave sloped valley, but in the southern section which 
belongs to the area of  Sohien-kerbta/ of the  Tand6 river, tributary valleys are all 
 13) King, L.C.  (1948): A Theory of Bornhardts, Geogr.  Jour., Vol. 112, pp. 83-87. 
 14) Savigear,  R.A.G.  (1960): Slopes and Hills in West Africa, Zeitschr.  fiir Geomorph., 
 Suppl. Bd. 1, S. 156-171.
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V-shaped. Of course, without exception, the concave sloped valleys change them-
selves to a gorge for 2-4km below knickpoints until they resume the form of 
Sohlen-kerbtal. They are the Yamagata river, the  Hirusawa, the Sodegawa river 
and the  ('kanezawa, a tributary of the  Tnad6 river. 
    The form of the initial surface takes type-A in the area where the upper base 
level remains. In the outer areas, to the northwest and east of the Tsukamori, it is 
type-B, and in the outermost part, it is type-C, as the ridge has been separated to 
pinnacles as Mts. Soragumo and Kenashimori. 
   IV. Distribution of the Middle Base Level 
1) Around Owatashi 
   The middle level of this area is distributed downstream from knickpoints of 
600m, and at the same time upstream from knickpoints of 400m which make 
boundary to the lower level. There are several kinds of topographic features; 
they are flat topped surfaces of 500-570m at  Ohira, Amadaki and Kappadate, 
gentle foot slopes like a pediment at Iwasebari (Loc. 4), Hinomiko and other places 
(Loc. 5, 6), river terraces of 480-520m in altitude at Shirakaba, Aitorase, Owatashi 
belonging to the  TanclOs system, and the valley floor plains of the  TandO and its 
tributaries. 
   At first, flat topped surface (the writer calls it the Ohira surface hereafter) 
is a flat or gently declined erosion surface intersecting the bedrock. Though 
 morphologically it takes a similar form as  type-A, it is not a part of the initial 
surface of peneplain, but a lower, therefore younger surface. This surface is dissected 
by two kinds of  valleys; the one is V-shaped valleys to which belong the  Tana 
and the Furudate rivers and their tributaries. The other is broad and open valleys 
about 200-300 wide with a pediment-like slopes on their sides. The Ohira surface 
is dissected to  type--B northward, and terminated southward at the foot of the 
downslope of the initial peneplain surface remaining at Mt. Himekami and its 
surroundings. 
   The pediment-like slopes, developing near Iwasebari and other places, have 
 15) a: Akagi, Y.  (1961): Pediment Morphology in Chugoku Mountains, Southwestern 
          Japan, Geogr. Rev. Japan, Vol. 34, No. 2, pp.  55-67. 
     b:    (1962): Pediment Morphology in Aki Mountains in Hiroshima Prefecture, 
          Geogr. Rev. Japan, Vol. 35, No. 11, pp.  570-586. 
 16)  a:  Walth, T.  (1961): River Terraces and Gentle Slopes along the Shokotsu River, 
          Northeastern Hokkaido, Sci. Rep.  TOhoku Univ., 7th Ser., No. 10, pp. 39-49. 
 b:    (1962): River Terraces and Gentle Slopes along the Tokoro River,  —          Geomorphological Study in Northeastern Hokkaido (2), Sci. Rep. TOhoku Univ., 
          7th Ser., No. 11, pp. 31-43.
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 Fig. 8. Distribution of the concave sloped valleys (Northern section only). 
     a: peneplain remnants (type-A,B,C in Table 1), b: concave slopedvalleys (in broken 
     line),  c: erosion surface, the Ohira surface,  d: pediment-like slopes (distributingin the 
     area of middle base level) 
a waste layer 1-1,5m thick over the slopes, and gradient of slopes is about  10° near 
the rear steep slopes and almost horizontal near the marginal part. We may regard 
it as a pediment15) or in other sense a rock floor or a rock fan, which T.  WakO has 
called a gentle slope behind the terrace"). These slopes additionally develop at 
Sasawatashi, Magari in the upstream of a tributary of the  TandO river, and Tadami, 
Motoki, in the drainage basin of the Mabechi river, therefore they can be a character-
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 istic feature on the middle base level. 
    The terrace surface distributed lower than these slopes is called Shirakaba 
terrace after the place it is located along a tributary (Iwasebarizawa) of the  Tandej 
river. In the outcrop at Shimoyashiki (Loc. 7), we can see a gravel ayer more than 
 10m thick which consists of rounded pebbles or cobbles  5-10  cm in diameter, and the 
facies indicates a fluvial terrace deposit. The distribution of this terrace extends 
about 15 km along the  TandO river and its tributary the Iwasebarizawa, such 
are from upstream to downstream,  KokuzO, Owatashi, and Shirakaba to Ippon-
yanagi. Relative height of this terrace from the valley floor is 8-12 m, but its 
surface is hardly dissected, so the terrace has a wide flat surface. The distribution 
of the terrace is limited within this area, nevertheless the terrace deposit is very 
thick; so the terrace should not be regarded as a common feature on the middle base 
level. 
    The valley floor plain, finally, develops cutting these pediment-like slopes 
and terraces with a scarp of about 10 m in average, and this plain is thought to be 
formed as a result of the influence of  rejuvenation from downstream based on the 
lower base level,  but upstream, of course, up to the knickpoints of  600m, as 
previously mentioned, this plain is not distinguishable from the lower part of 
pediment-like slope, both of which make a  dissecting valley of the middle base 
level in a broad sense. 
   Then, as to the relation of these surfaces and the base level in this area with 
the upper base level at Sodeyama, the Ohira surface is, judging from its locational 
and altitude conditions as well as its nature of intersecting the bedrock, thought 
to be an erosion surface which has been built in accordance with the upper base level 
with a less relief above it, when the Kitakami Mountainland had been dissected by 
this level. Afterward at the period of the middle level, consequently it has been 
affected by the dissection based on the middle level, and it was transformed to type-
B as is observed today. After the slope had retreated, the pediment-like slope and 
the terrace were formed at the foot of slopes. Therefore, the Ohira surface is the 
only one that accords with the upper base level of erosion, not as a valley floor plain 
seen at Sodeyama nd other areas above mentioned, and the writer would regard it 
as a part of a marginal  peneplain, the existence of which is suggested in the northern 
part of the Kitakami Mountainland (Fig. 5, 8). Thus this surface is significant in 
the geomorphological development of this mountainland. 
2) Near Motoki 
   A gorge of the Yamagata river downstream from a knickpoint, which makes 
a boundary to the area of the upper base level preserved on the Misukodake and 
Tsukamori, changes to type of Sohlen-kerbtal with valley floor about  600m high at
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 Fig. 9. The middle base  level(1); pediment-like slopes, at hill foot;  A- Shitamizawa, 
   Loc. 3, upper part  of slope is dissected by small streams, B- Mattatsu, Loc. 
    2, viewing southward, C- 2 km west of  lwasebari.
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 northw  aid,  hill tops are the  Ohira surface about 550  in, B-deposit on the 
 pediment-like slope, Loc. 5, 1 surface soil, 25 cm, 2 waste rock fragments 
30 cm in max  , 3 4 cm  in  a.  erage, angular  fragments of slate or sandstone, 
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 size, 2 3  ( m in  a  \  el  age,  30  (  in thick
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Iwanoshita and Hirusawa. The valley floor is 200m wide at  Iwanoshita and 350m 
at Hirusawa and Araya. Along one of the tributaries thought to be the Paleo-
Mabechi river17), e.g. at Tadami, Motoki, Shitamizawa, Mattatsu and Koyase, there 
are examples of pediment-like slopes at the foot of steep scarps formed by dissection 
or downcutting on the initial surface of peneplain and the Ohira surface (Fig. 9, 
 10). The wide valley floor and the pediment-like slope in front of the steep scarps 
are also common features on the middle base level. The deposit on the pediment-
like slope is as shown in Fig. 10-C, observed from upper as humus-rich soil (20 cm), 
a waste layer 1-1.5 m thick consisted of angular fragments of 3-5 cm. This 
waste layer is not fluvial in origin but a talus or detrital deposit with rather 
low angle surface. These slopes are cut at their fringes by the small streams (Fig. 
9—A). Downward from Koyase, though traced on the gorge flanks along the 
Yamagata river, they lose their width and continuity. As the valley floor in the 
gorge section diminished quickly, their relative height from the valley floor is more 
than 30m, and it is obvious that the influence of the lower base level has eroded out 
most of them. The Sodegawa river, one of the tributaries of the Mabechi river, 
flowing northward parallel to the Yamagata river, also has a form of Sohlen-kerbtal 
at 680-720m, and downward it changes to a gorge or rapid with some remarkable 
falls such as Nabetaki, and  kf':taki for about 15km until it confluents into the 
Mabechi river. 
   These gorges are considered to be the most actively dissecting fronts of the 
lower level. Further along the Mabechi river there develops a pediment-like slope 
at the foot of the valley wall at 500-560m (Loc. 1), and it is dissected by the valley 
floor plain 300-400m wide at the height of 400-500m. This surface seems to be 
traced northward to the east side area of Mts. Orizume (852m) and Tsukushimori 
(770m) along the Setsukinai river, and it may continue to the terrace surfaces in 
the downstream area of the Mabechi  river18). 
   Rivers dissecting the east slope of the Misukodake have shorter channels and 
steeper gradient, and confluent into the Mabechi river without having a  Sohlen-
kerbtal section, so that they are different in nature from the Yamagata and the 
Sodegawa rivers. 
3) Near Kuzakai and Matsukusa 
   There are two  typesof valley forms in the most upstream of the Hei river. One 
is the type of wide valleys with gently sloped valley walls, and the other is deeply 
cut V-shaped form with a relief of more than 500 m. The boundary between these 
  17) Tanabe,  K.: above 2) c. 
  18) Fujiwara, K.  (1962): Relation between the Eruptive Deposits of the Towada Volcano 
           and the Surrounding Surfaces, Geogr. Rev. Japan, Vol. 35, No. 12, pp. 654-655.
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two in near Matsukusa, 620m high. As typically observed on the southern slope of 
the  KabutomyOjindake (1007m), 1,5 km northeast of Kuzakai railroad station, the 
slope from mountain side to the foot is separated into two steps; the upper one 
770-820m in height seems to be formed originally as a surface according with the 
upper base level of erosion, the lower 680-720m in height is now obviously cut by the 
valley floor plain with a scarp only a few meters high, and this looks like the same 
surface of the  pediment--like slope above mentioned, which is of the middle base 
level. The waste deposits with uneven thickness are composed of rock fragments 
 5-20cm in diameter. Gradient of slopes is 12° at its gentle part and less than 20° 
at steeper one. The top of the  KabutomyOjindake is a tor, where waste rock 
fragments are now produced under the weathering and decomposition of slate, 
following to the nearly vertical joint (N80°W, vert.). 
4) Near Ubaishi, Nagano, and Gakumazawa 
    In the region below the area of the upper base level on southern slope of Mt. 
Monomi, there is a  Sohlen-kerbtal ype valley which dissects the slope with steep 
scarps 30-40°, at the height of 600-650m above the sea level. It is the middle 
course of the  Omata river, and at Ubaishi, it has a relatively wide floor compared 
with its narrow channel. On the floor, we can see no fluvial deposits but  only a 
waste rock layer, and its weathered mantle, partly exposed iabase tuff as  bedrock. 
Downstream from this section, less than 550m high, the river takes the V-shaped 
form and confluents into the Kesen river. Upstream, it continues to the concave 
sloped valley on the upper base level at Mt. Monomi passing a knickpoint excep-
tionally without making a gorge, as in the case of the tributaries of the Mabechi 
river. 
   The tributaries of the  ()tom° after passing through the above-mentioned 
gorges, confluent into the  Ctomo river. The valley floor of the  Nom° river is 
600m wide at Nagano and has a stream with a straight course to NNW. This valley 
seems to be a fault line valley in NNW-SSE direction together with the Kesen river. 
Present river is cutting the initial floor surface of Sohlen-kerbtal, and is accompanied 
with a terrace surface on left side beneath the initial valley floor surface. The 
deposits on the surface of the pediment-like slopes, the writer names it as "Nagano 
surface", have also a similar facies as at Motoki. At Loc. 16, as Fig. 10-C, beneath 
the surface soil, we see a waste rock layer about  1m thick, in which a little variety of 
grain sizes is recognized, and it is not of fluvial origin. At Takagi, Loc. 15, a rock 
fan like a slope is found, where bedrock is covered with only a very thin layer of 
fragments or waste 50cm thick at the most. Such slopes along the  Nom() river are 
located at the height of 350-450m, and they are relatively lower than in other
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regions of the middle base level. The difference is explained as follows as the course 
of this valley is in accord with a structure line, above described, it was obliged to 
cut down more deeply than other valleys in the stage of downcutting based on the 
middle base level of erosion. Therefore, the lateral erosion which extended its 
valley width was originally proceeded at a lower height as such. 
    At Gakumazawa, Loc. 18, northwestern foot of Mt. Monomi, there is a valley 
floor at 350-430m, a part of which is dissected to a terrace form; it is not a fluvial 
terrace in origin, but a surface as a kind of above-mentioned ones according with 
the middle base level. At Kakumazawa, about 2km downward from Gakumazawa, 
the valley becomes a gorge through the area of slate, chert and gabbro, and 
further downstream it forms a terrace cutting Oligocene sandstone. Additionally, 
the pediment-like slopes are distributed at many other places, for example, at 
Miyashiro, Kanegasawa (Loc. 14), northwestern part of the  TOno basin, at  TOzenji, 
upstream of the Sarugaishi river, and 5km to the  east and 8 km to the north of 
Miyamori. All of them are likely to be correlated to the Nagano surface along the 
Otomo river, and are connected to the middle base level, though more research 
should be done before we can be sure of the correlation. 
   Thus, in short, in the area lower than the concave sloped valley on the upper 
base level, separated by a knickpoint or a gorge, the middle base level always 
exists accompanying a form of Sohlen-kerbtal ype, where develop the pediment-like 
slopes covered with a waste rock layer about 1 m thick, beneath a present 
surface soil, and these slopes often suffer the dissection which indicates a forerun-
ner of  rejuvenation'°) based on the lower level. 
   V. Geomorphological Development
   From these observations the writer would consider the geomorphological 
development of this mountainland, although data are not sufficient o make it per-
fect. 
   It has been believed that the Kitakami Peneplain had been built at the end 
of Miocene or beginning of Pliocene because its surface cuts or intersects the 
upper Miocene fault system in the  mountainland20). Afterward it was uplifted and 
suffered subaerial erosion based on the upper (first) base level, now preserved at the 
height above 700 m. This base level of erosion accompanied with a concave sloped 
valley and its valley floor means a remnant of this upper base level. Distribution 
of this level is now located at Sodeyama, northeast of Morioka, and several areas 
 19) Shimomura, H. Nishimura, K. and Kuwashiro,  L  (1959)  : Geomorphological Studies 
         of the  Sandanky6 Gorge and the Yawata Highland, Hiroshima  Educ. Commit. 
 20) Hanzawa,  S: above 1) a.
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mentioned above. The common features accompanying this level are similar height, 
gentle gradient of valley floor, smoothly curved concave slopes on both sides of 
valley, and its  location occupying the uppermost part of valleys. Extending 
outward, it falls down to the middle base level with an abruption of distinct knick-
point about 600m in height. At the same time, there is observed a flat topped 
surface indicating an accordance with the upper base level in a relation shown in 
Fig. 5. This is the  C  hira surface, an erosion surface developing around and 
beneath the Kitakami Peneplain. This erosion surface seems to have extention 
over the surrounding region of the core area of the  Kitakami Peneplain orth- and 
southward, which suggests an existence of a marginal peneplain in the past,  just 
when dissection of peneplain worked from the upper base level. In other words, 
the upper base level observed at present is an extended part of this base level of 
that period into the mountainland, and it is preserved only in the upstream area of 
each valley within the peneplain. 
    As to the origin of the concave sloped valley as such, some climatic factors 
are thought to be important21), for example, in the arid region, in the arid 
period in the past, or in the region periodically (seasonally) arid and humid 
within a year such as in Savanna regions. Though the writer also thinks it right, 
however, still he could not reach to a satisfactory explanation for such a concave 
sloped valley on the Abukuma22) or the Kitakami Mountainlands. At least judging 
from its morphological character, deposits on it and its locations, it must have been 
formed in the process of surfacial denudation of the peneplain surface, not in the 
process of retreat of valley wall by the lareral erosion. 
   For some period later, the middle base level was formed 200m lower than the 
upper base level, and built a different opographic feature. It is Sohlen-kerbtal ype, 
which is accompanied with a rather wide valley floor compared with the narrow 
channel of stream, thin deposits and straight and steep valley wall. The mountain-
land was dissected by valleys of this type. Upstream these valleys, between the 
knickpoint bordering the upper level and the beginning point of valleys of this type, 
gorges with V-shaped form are cut. In the area of the middle base level develop the 
pediment-like slopes, and the waste rock accumulated surfaces occupy  the valley 
floor of  Sohlen-kerbtal. The slopes, at downstream or marginal part, are dissected, 
forming terraces  morphologicaly, but they are not fluvial in the process of the build-
ing of their initial surfaces. Relative height to the upper level is various; it is 
 21) Louis, H.  (1961)  :  fiber die  Weiterentwicklungen in der Grundvorstellungen d r 
           Geomorphologie, Zeitschr.  fiir Geomorph., Bd. 5, S.  195-210. 
  22) Nakamura, Y.  (1962)  : Some Relations between Dissecting Valleys and Erosional 
          Reliefs in the Southern Part of the  Abukuma Plateau, Sci. Rep.  ThhokuUniv., 
           7th Ser., No.  11, pp. 45-59.
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                   Fig. 11. Distribution of the base levels of erosion. 
 a: the upper base level, 1. Misukodake, 2.Sodeyama, 3.Yomogippara, 4. Mt. Mo-
      nomi,  b: Sohlen-kerbtal  typedeveloping on the middle base level,  c: boundary ofthe 
      middle base level and the lower,  d: area of the Kitakami Mountainland. (Contour 
     line indicates 900 m.) 
regarded as a result of the local difference of the speed of  valley development under 
several conditions around the valley, for instance the size of valley itself, geological 
structure and so on. 
   The lower base level, additionally speaking, is pointed out in the lower stream 
from the distinct knickpoint found on the Tana'', the Yamagata, and the Kesen 
rivers. The influence of the lower one proceeds to make effect on the area of the mid-
dle level a little, where the valley floors or the pediment-like slopes uffer downcut-
ting, as previously described. Furthermore in a rare case, where the  rejuvenation 
based on the lower level has quickly advanced upstream and has passed through 
the middle level area, the effect of rejuvenation cuts into the upper level area, there-
fore, the dissection of the upper area has been a compound of  these two factors, the 
influences of these both levels. 
   As to the historical aspect of the development, it is thought that the lower 
base level belongs to Holocene—late Pleistocene, the middle does to mid-Pleistocene
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(the relation to the ice ages is a serious problem), and the upper is much older but 
after the building of the Kitakami Peneplain. The writer expects that by the 
detailed research of the form and of the deposits on the valley floors or along 
the side slopes in the mountainland, the historical development of this area would 
be made clear. 
   The summary of this paper is shown as Table 2. 
      Table 2. Base Levels of Erosion and  Geomorphological Development i  the 
          Kitakami Mountainland.
Base Level 
of Erosion 
(Altitute)
Type of 
Dissecting 
 Valley
 The upper 
    level 
(above  700  m)
Concave sloped 
    valley
 (Flachmuldental)
The middle 
   level 
(400-500 m)
 Solden-kerbtal
 Morphology of 
 Initial Surface 
  of Peneplain 
Flat surface on the 
mountain crest or 
rolling slope  (900-
1300 m) 
Ridges with a 
same height, and 
steep slope 
beneath
Geomorphological 
   Development 
Reservation of flat 
surface and rolling 
slope, and reduction 
of relief by the way 
of surfacial denuda-
tion 
Lower erosion 
surface (the Ohira 
surface) formed at 
550 m
   Examples 
Misukodake, 
Tsukamori,  Sode-
yama, Yomogippa-
ra, Mt. Monomi 
(Taneyama)
Steep slope formed 
by lateral erosion, 
reduced flat surface, 
pediment-like slope, 
and partly river 
terraces
Ohira, Amadaki
Owatashi, Motoki, 
Shitamizawa, 
 Ku  zakai, Nagano. 
Gakumazawa, 
 Ubaishi
The lower
level
(below 300 m)
V-shaped valley
(Kerbtal)
Ridges with a Gorge formed bysame h ight orIdowncutting, andDownstream a
pinnacles and river terraces inlower than theknickpoint
steep slopeslowland plains
   VI. Conclusion 
   1) The base levels of erosion upon which the Kitakami Mountainland has 
been dissected are recognized in the following three  steps  ; the upper level is above 
700m, the middle 400-500m, and the lower below 300 m. 
   2) On the upper base level, the concave sloped valleys prevail; the mountain 
side slopes are smooth and covered  with thin waste layer. The Kitakami Peneplain 
surface is by the valleys on this level either denuded surfacially or preserved as 
rolling slopes on the top of crests or ridges. 
   3) On the middle level, Sohlen-kerbtal ype valley  prevails; valleys with steep 
walls and rather broad floors covered with thin waste layers are common. 
Mountain sides have retreated by lateral erosion of rivers, therefore, the initial
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surface of peneplain is observed only as ridges with a similar height. 
   4) The lower level is continuous to the lowland plains around the mountain-
land; in the mountain area it takes a V-shaped form and partly cuts into the area 
of the middle (rarely upper) base level. 
   5) The erosion surface according with the upper base level develops widely 
at 550m beneath the Kitakami Peneplain, and it is considered as a marginal 
peneplain against he latter.
V,
